A recent study has shown that the Hook protein ZYG-12 of Caenorhabditis elegans is essential for attachment of the centrosome to the nucleus. The results suggest a novel mechanism for the tight coupling between these two organelles, and shed new light on its biological significance. The sperm contributes the sole pair of centrioles to the newly fertilized wild-type C. elegans embryo. The first centrosome in the zygote is associated with the male pronucleus, in close proximity to the posterior cortex. After centrosome duplication, the two centrosomes separate along the nuclear envelope to opposite sides of the male pronucleus ( Figure 1A, top) . Concomitantly, astral microtubules are thought to push the centrosomes and associated male pronucleus away from the posterior cortex, and to mediate movement of the female pronucleus towards the centrosomes through minus-end-directed motor activity of dynein anchored on the female pronucleus [7] . Thereafter, centrosomes are juxtaposed with the two joined pronuclei ( Figure 1A, middle) , such that chromosomes are placed between the two centrosomes after nuclear envelope breakdown ( Figure 1A, bottom) .
Malone et al. [6] have now reported that centrosomes fail to localize next to the male pronucleus in all C. elegans embryos lacking zyg-12 function ( Figure 1B and Figure 2 ), and that analogous defects occur in subsequent cell cycles [6] . The two existing zyg-12 alleles are temperature-sensitive, and centrosome detachment is observed to occur within one minute after shifting to the restrictive temperature. This indicates that ZYG-12 is required, not only for establishing attachment, but also for maintaining it. Astral and spindle microtubules are normal in zyg-12 mutant embryos, as is the distribution of the centrosomal proteins SPD-5 and ZYG-9. Furthermore, centrosomes are indistinguishable from wild type by electron microscopy. Therefore, zyg-12 is specifically required for attachment of centrosome and pronucleus/nucleus in early C. elegans embryos.
ZYG-12 belongs to the Hook family of proteins [6] , which have been proposed to link microtubules and membrane compartments [8] . In Drosophila, the Hook family member dHk is a cytosolic protein that plays a non-essential role in the trafficking of endocytosed ligands [9, 10] . Three human Hook proteins have been identified; of these, hHk3 binds Golgi membranes as well as microtubules, and may help define the organization of the Golgi apparatus [10] . C. elegans appears to have a single gene encoding Hook proteins, zyg-12, but there are three ZYG-12 isoforms, A, B and C, which differ slightly in their carboxyl termini, isoforms B and C having a predicted transmembrane domain [6] .
A transgene expressing all three ZYG-12 isoforms rescues the zyg-12 mutant phenotype, whereas expression of either the A isoform alone or the B plus C isoforms fails to do so. Thus, combined expression of the A isoform and at least one of the other two isoforms is needed for zyg-12 function. Interestingly, Current Biology, Vol. 14, R268-R270, April [6] . The SUN-1 protein has a predicted transmembrane domain and a SUN domain, which is also found in the fission yeast protein Sad1p and C. elegans UNC-84, a nuclear envelope protein required for nuclear migration and positioning during later stages of development [11] . Importantly, ZYG-12 no longer localizes to the nuclear envelope in sun-1(RNAi) embryos, whereas the distribution of ZYG-12 at centrosomes is not affected [6] . SUN-1 may be an inner nuclear envelope protein that interacts with outer nuclear envelope proteins such as ZYG-12, preventing their movement towards the contiguous endoplasmic reticulum [6] . To test this possibility, it will be important to determine whether SUN-1 and ZYG-12 physically interact and to ascertain their localization by immunoelectron microscopy.
Malone et al. [6] also found that ZYG-12 interacts with the dynein light intermediate chain DLI-1, prompting them to examine whether the distribution of components of the dynein complex that normally localize to the nuclear periphery, including the dynein heavy chain DHC-1, is altered in the absence of zyg-12 function [6] . Strikingly, DHC-1 no longer localizes to the nuclear envelope in zyg-12 mutant embryos, suggesting that ZYG-12 may recruit the dynein complex to the nuclear envelope through its interaction with DLI-1.
Malone et al. [6] propose a two-step model for attachment of centrosome and pronucleus/nucleus (Figure 3) . Initially, proximity is achieved via dynein-mediated translocation of the nuclear envelope towards the minus-end of microtubules located at centrosomes. ZYG-12 could be essential for this first step through its requirement for dynein localization to the nuclear envelope. Attachment then ensues in a dynein-independent manner via homotypic interaction between ZYG-12 molecules on the centrosome and on the nuclear envelope. Microtubules are expected to be required for both steps: first, for allowing dynein-mediated translocation along microtubules, and second, for the presence of ZYG-12 on centrosomes. Accordingly, attachment is defective in embryos lacking microtubules following RNAi-mediated depletion of α α-tubulin [6]. It will be interesting to investigate how the proposed mechanism is modulated during centrosome separation to permit movement of centrosomes along the nuclear envelope, and in instances where centrosome and nucleus are several microns apart, as in interphase polarized epithelial cells [12] .
To what extent is this two-step model generally applicable? Dynein is recruited to the nuclear envelope during prophase in mammalian cells [13, 14] , whereas Current Biology R269 
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Current Biology centrosomes and nuclei are attached throughout the cell cycle, indicating that initial proximity does not always rely on dynein-mediated translocation of the nuclear envelope. Moreover, the single Hook protein in Drosophila is not essential and none of the three human Hook proteins localizes to the nuclear envelope [8, 10] , indicating that attachment relies on different molecules in these organisms. Nevertheless, the principles uncovered through the analysis of ZYG-12 may be generally applicable to understand the special connection of centrosome and nucleus throughout metazoan evolution. Why should centrosome and nucleus form such a tight pair? In principle, the attachment between these two organelles could be important for nuclear envelope breakdown, as dynein anchored on the nuclear envelope generates tension along microtubules emanating from neighboring centrosomes to trigger this process [14, 15] . Nuclear envelope breakdown is not prevented in zyg-12 mutant embryos [6] , however, probably because it occurs via an alternative pathway also used in mammalian cells lacking microtubules [14, 15] . Attachment could also facilitate capture of chromosomes by spindle microtubules, which may be especially important for cells that are large or have a rapid cell cycle. Accordingly, following the aberrant position of pronuclei, some chromosomes fail to congress on the metaphase plate in zyg-12 mutant embryos ( Figure  1B, bottom) [6] . Whereas such congression defects may be resolved in other cells that have a slower cell cycle or a more effective spindle assembly checkpoint, these findings raise the possibility that attachment of centrosome and nucleus may be important to prevent genome instability.
